patients the EBV genome was also detected in adjacent dysplastic epithelium, but not in the normal mucosa or in mucosa showing intestinal metaplasia.6 These findings could not be confirmed by Leoncini et al7 who studied 65 consecutive cases of gastric carcinoma and could only find four (6%) PCR-EBV positive cases, of which only three were positive by in situ hybridisation. All positive cases had a prominent lymphoid infiltration, but the degree of tumour differentiation was poor in two and moderate in the other two. These authors also failed to demonstrate EBV in the adjacent dysplastic, metaplastic, or normal gastric mucosa by PCR or in situ hybridisation.7
Epstein-Barr virus (EBV) has recently been demonstrated in cases of poorly differentiated gastric carcinoma with heavy lymphocytic infiltration.'-' The positive tumours were mainly present in the fundal region of the stomach, and the patients were mainly of Asian origin. The viral genome was identified using the polymerase chain reaction (PCR),'' in situ hybridisation,3-5 or Southern blot techniques. 5 In one of these studies EBV was detected by PCR, but not by in situ hybridisation, in the normal gastric mucosa of only one out of seven patients with EBV positive tumours.3 In two other case studies the normal mucosa was EBV negative using in situ hybridisation4 and Southern blotting. ' Shibata and Weiss6 studied 138 cases of gastric adenocarcinomas of the usual type and found evidence of EBV in 22 (16%), using PCR and in situ hybridisation. Most of the positive tumours were situated in the gastric antrum in male patients. In two of these patients the EBV genome was also detected in adjacent dysplastic epithelium, but not in the normal mucosa or in mucosa showing intestinal metaplasia.6 These findings could not be confirmed by Leoncini et al7 who studied 65 consecutive cases of gastric carcinoma and could only find four (6%) PCR-EBV positive cases, of which only three were positive by in situ hybridisation. All positive cases had a prominent lymphoid infiltration, but the degree of tumour differentiation was poor in two and moderate in the other two. These authors also failed to demonstrate EBV in the adjacent dysplastic, metaplastic, or normal gastric mucosa by PCR or in situ hybridisation. 7 The present study was designed to try to resolve this controversy by investigating a consecutive series of gastric adenocarcinomas, and to extend the field of investigation by examining other uncommon histological varieties of gastric carcinoma which have not been studied so far. Adjacent non-neoplastic gastric and duodenal mucosa was also examined whenever available.
Methods
Nineteen cases of gastric carcinoma treated by partial gastrectomy were studied. These included one case of lymphoepithelioma-like gastric carcinoma, two cases of adenosquamous carcinomas, three cases of early gastric carcinoma, one case of gastric neuroepithelioma, one case of signet ring carcinoma and 11 consecutive cases of gastric adenocarcinoma of the usual type. All the archival haematoxylin and eosin stained sections of each case were reviewed and a representative section of the tumour was selected. Some of these sections also contained adjacent nonneoplastic mucosa. New consecutive 5 ,m thick sections were cut from the corresponding paraffin wax blocks and mounted on either ordinary glass slides, for immunohistology, or on slides coated with aminopropyl triethoxy silane for in situ hybridisation.
For in situ hybridisation, sections were dewaxed in xylene, rehydrated in graded alcohol, followed by washing for two minutes in phosphate-buffered saline (PBS), and for five minutes in PBS containing 0-1% Triton X-100. Sections were then treated with 50 ,ug/ml proteinase K in 0 1 M TRIS, 0-05 M EDTA, pH 8, for 30 minutes at 37°C, and subsequently washed in 0 1 M glycine. Postfixation in 4% paraformaldehyde in PBS for five minutes was followed by washing in PBS for five minutes. Hybridisation was carried out using a mixture of fluorescein conjugated EBER oligonucleotides (Dako Ltd, High Wycombe, UK) following the manufacturer's protocol except that hybridisation was performed for 16 instead of two hours at 37°C. Sections were covered with siliconised coverslips; these were sealed using rubber solution. A Vectastatin kit was used for detection using alkaline phosphatase, following an amplification step involving sequential incubation (one hour each) with anti-fluorescein isothiocyanate (FITC) antibody and an anti-mouse immunoglobulin alkaline phosphatase conjugate. Sections were then lightly counterstained with haematoxylin before mounting in Glycergel.
As a negative control, sections were treated in the same way except for omitting the application of the specific probe. Sections of a known EBV positive case of Hodgkin's disease were used as positive controls.
For immunohistology, sections were dewaxed and rehydrated in graded alcohol. Endogenous peroxidase was blocked by incubating the slides for 30 minutes at room temperature in 3% hydrogen peroxide in methanol. Slides were rinsed in tap water, then three times for five minutes each, in 0-1M TRIS-buffered saline (TBS) (pH 7 6) before incubating the sections in 10% normal rabbit serum in TBS for 30 minutes to block non-specific reactions. Excess serum was decanted and sections were then incubated with the monoclonal antibody Dako-EBV CS 1-4 (Dako) diluted 1 in 50 in TBS for 30 minutes at room temperature. Sections were then rinsed in TBS as before and incubated for 30 minutes with biotinylated rabbit anti-mouse immunoglobulin (Dako) diluted 1 in 250 in TBS. After three rinses in TBS sections were incubated with streptavidin-biotin complexed to horseradish peroxidase (Dako) for 40 minutes. Sections were then rinsed in TBS and Extensive metastasis were present in 16 lymph nodes dissected from around the stomach, lesser and greater omentum, and gastrosplenic area. Positive EBV in situ hybridisation was seen as a diffuse cytoplasmic and nuclear red staining in most tumour cells ( fig  1) and in lymphatic tumour emboli in the overlying non-neoplastic mucosa (fig 2) . The overlying and adjacent gastric and oesophageal mucosae were negative in this case, as well as some parts of the tumour.
Immunohistological assessment showed diffuse, faint, cytoplasmic and focal dark brown nuclear staining. In situ hybridisation of further newly cut sections from the other archival paraffin wax blocks from this case confirmed the presence of EBV in the primary tumour and lymph node metastasis, and the absence of virus in normal gastric and oesophageal mucosae. The patient died 11 months after surgery.
All the remaining 18 tumours were negative. However, scattered positive cells were seen in the adjacent normal gastric or duodenal EBV in gastric cancer mucosa in seven out of 11 cases (three usual type adenocarcinoma, two superficial, one signet ring and one adenosquamous carcinoma). Positive normal gastric cells were seen in five out of nine cases (three of six proximal and two of three distal), and normal duodenal mucosa in all three cases examined; one case had both normal duodenal and gastric positive cells. No positive cells were seen in normal oesophageal mucosa examined in four cases, and no EBV positive lymphocytes were identified in any of the cases. Positivity in normal gastric and duodenal cells was seen by both in situ hybridisation and immunoperoxidase techniques (fig 3) . The positive cells were mainly seen in the lower parts of the gastric and duodenal crypts. They were more abundant in the duodenal mucosa overlying prominent Brunner's glands. Positive cells were occasionally seen in the latter glands. In the corresponding haematoxylin and eosin stained sections, most of the positive cells looked larger than the surrounding cells and had large central nuclei.
Discussion
Our findings suggest that EBV is absent in the rare histological types of gastric carcinoma that include adenosquamous, neuroectodermal, signet ring, and early superficial carcinomas. It is probably also absent in the common type of adenocarcinoma, as our consecutive 11 cases were all negative. It seems that the only EBV positive gastric tumours are the lymphoepithelioma-like neoplasms, as was originally suggested in the earlier reports.
The clinical history of the positive case reported here included some unusual features that are difficult to interpret and evaluate, but we report them in case similar findings are encountered in other patients with similar tumours. The sure finding is the short clinical history related to epigastric pain and the apparent rapid progression of the tumour as manifested by its large size and extensive lymph node dissemination. In this respect similar extensive lymph node metastases were seen in some,' 45 but not all2 3 7 previously reported cases.
The demonstration of EBV positive cells in a few normal gastric and duodenal epithelial cells in some cases is intriguing. In all previous reports where normal gastric mucosa adjacent to gastric carcinoma was examined, the normal mucosa was reported as EBV negative,'5-7 while dysplastic gastric mucosa was reported as positive by one group6 and negative by another.7 None of the previous authors commented on the duodenal mucosa. However, Shibata et al, in their earlier report, mentioned that PCR, but not in situ hybridisation, detected "lesser amounts" of EBV in two stomach sections without tumour from a patient with EBV positive gastric carcinoma.' These authors used radiolabelled isotopes for their in situ hybridisation which can sometimes be difficult to interpret when the signal is weak. The normal positive cells in our study were detected only by careful searching and were relatively more abundant in the duodenum, which previous authors do not seem to have examined. The in situ hybridisation probe and the antibody used for immunohistology recognise different component parts of the EBV genome but both produced positive signals in cells at the same sites in consecutive sections, making it unlikely that the observed positivity was the result of a nonspecific or a cross-reaction. EBV can infect oropharyngeal epithelial cells8 9 
